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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001] This invention relates to a catalyst obtained by depositing a silver component on a carrier containing specific 
elements and then heat-treating the resultant composite and used for the production of ethylene oxide, a method for the 
production thereof, and a method for the production of ethylene oxide by the use of the catalyst. 

10 

Description of the Related Art: 

[0002] Numerous reports covering catalysts to be used for producing ethylene oxide by the gas phase oxidation of 
ethylene with a molecular oxygen-containing gas and carriers therefor have been heretofore published in literature. 
15 [0003] JP-A-06-47278, for example, discloses a catalyst carrier for use in the production of ethylene oxide which 
comprises at least 85 mass % of a-alumina (calculated as oxide), 0.001 - 6 mass % (calculated as oxide) of calcium 
oxide or magnesium oxide, 0.01 - 5 mass % (calculated as silica) of silicon oxide, and 0-10 mass % (calculated as 
oxide) of zirconium oxide. 

[0004] The same patent publication also discloses a method for producing a catalyst carrier for use in the production 
20 of ethylene oxide by mixing a-alumina powder of high purity, a calcium compound or a magnesium compound or a 
magnesium oxide, a silicon compound, and a zirconium compound with water and a binder in specific quantities to give 
a final carrier containing not less than 85 mass % of a-alumina, extrusion molding the resultant mixture into pellets, and 
calcining the pellets at a temperature of not lower than 1300°C. 

[0005] The carrier mentioned above is effective for a catalyst which has particularly silver, an alkali metal activator, a 
25 rhenium activator, and an arbitrary rhenium coactivator deposited therein. Such an alkaline earth metal as mentioned 
above functions as a catalytic base in the absence of rhenium and forms an isomerizing active site in an excess quantity, 
with the result that the produced ethylene oxide will entail the problem of succumbing to successive oxidation and 
consequently lowering the selectivity. 

[0006] JP-A-05-84440 discloses a catalyst characterized by having a catalytically effective quantity of silver, a pro- 
se moting quantity of an alkali metal, and a promoting quantity of rhenium deposited on a carrier comprising at least 85 wt. 
% of a-alumina, 0.05 - 6 wt. % (determined as oxide MO) of an alkaline earth metal in the form of an oxide, 0.01 - 5 wt. 
% (determined as dioxide) of silicon in the form of an oxide, and 0 1 - 1 0 wt. % (determined as dioxide) of zirconia in the 
form of an oxide. 

[0007] We have proposed a carrier for a catalyst obtained by using refractory inorganic particles as seeds and depositing 
35 a refractory inorganic powder and zirconia sol on the seeds and a method for the production thereof (JP-A-02-290257), 
a catalyst for the production of ethylene oxide using an a-alumina carrier having the outer surface of the carrier and the 
surface of pores in the carrier coated with amorphous silica (JP-A-02-1 94839), and a catalyst for the production of 
ethylene oxide using an a-alumina carrier having the outer surface of the carrier and the surface of pores in the carrier 
coated with amorphous silica-alumina (JP-A-05-329368). 
40 [0008] Thus, the desirability of materializing further improvement of the selectivity, improvement of the activity, and 
long-time stabilization of the life performance has been finding enthusiastic popular approval. 

[0009] These catalysts are excellent in catalytic performance and satisfactory to a certain extent from the industrial 
point of view. According to SRI published in January, 1 997, the annual production of ethylene oxide in the whole world 
is about 12 million tons. The quantity of ethylene to be used as the raw material therefor is estimated to be about 

45 9,500,000 tons when the selectivity of the catalyst used for the production of ethylene oxide is 80% or about 8,500,000 
tons when the selectivity is 90%, indicating that an improvement of 1 0% in the selectivity results in saving about 1 million 
tons of ethylene annually in the world. Even such a minute improvement as 0.1% in the selectivity, therefore, brings a 
huge cost merit because this improvement permits a saving of about 1 0,000 tons of ethylene in the whole world 
[0010] When the reaction temperature of the catalyst to be used for the production of ethylene oxide is unduly high, 

50 the production requires the plant used therefor to satisfy a very high design pressure which some of the existing plants 
may possibly fail to meet. Further, since the high reaction temperature results in lowering the tolerable oxygen concen- 
tration for explosion limits and consequently heightening the degree of danger, the actual commercial operation of the 
plant is preferred to proceed at a temperature of not higher than 250 °C from the viewpoint of both performance and 
safety of the plant. 

55 [001 1] This invention, therefore, has for an object thereof the provision of a catalyst of the ethylene oxide production 
grade materializing preparation of a catalyst for the production of ethylene oxide excellent in catalyst properties, namely 
activity, selectivity, and life, a method for the production thereof, and a method for the production of ethylene oxide by 
the use of the catalyst. 
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[0012] WO 97/40932 relates to catalyst carriers and specifically to alpha alumina-based catalyst carriers useful in 
conjunction with catalysts such as silver-containing catalysts used in the preparation of ethylene oxide. The carrier 
preferably comprises at least 95 wt.-% alpha alumina, 0.05-5 wt.-% silica and 0.05-2 wt.-% zirconia. Ceramic bond 
materials added during the catalyst preparation may add alkali metals and iron to the catalyst. 

5 [0013] In the Example section, a carrier of a comparative example (PA-1) is made of 98.0 part by weight of alpha 
alumina, 1 .0 part by weight of zirconia, 0.2 part by weight of magnesium silicate, 0.1 parts by weight of boric acid, 5.0 
parts by weight of extrusion aids, 25 parts by weight of ground walnut shells and 5 part by weight of vaseline. After 
extrusion and firing, the carrier comprises 1 03 ppm potassium cations. The silver is deposited on said carrier and it was 
used for the production of ethylene. 

10 [001 4] The catalyst is obtained by calcining the impregnated carrier at a temperature of 250 ° C - 260 ° C for 5 - 6 minutes 
in air stream for one time. 

[001 5] US 5 801 259 discloses an ethylene oxide catalyst which contains silver and one or more alkali metal promoters 
supported on a carrier prepared by a process comprising the use of ceramic particle components with particle sizes 
chosen to ensure that a desired degree of porosity is obtained without the use of organic burnout materials. 
15 [0016] In a comparative Example, a carrier was made of 98.8 wt.-% alpha alumina, 1.0 wt.-% zirconia, 0.2 wt.-% 
magnesium silicate, 0.1 %.-% boric acid 5 wt.% of vaseline and 25 % ground walnut shells. The final carrier comprises 
103 ppm leachable potassium. 

[0017] The catalyst is obtained by calcining the impregnated carrier at a temperature of 240° - 270 °C for 3 to 6 minutes 
in air stream for one time. 

20 [0018] EP 0 496 470 describes a catalyst for the production of ethylene oxide with oxygen comprising among others 
1 - 25 wt.% silver and an alkali metal promoter on a carrier, containing at least 90 wt.% alpha alumina, 0.03 - 4 wt.% 
silicon and 0.3 - 5 wt.-% zirconium. In an example, a carrier is made of 98.8 wt.-% alpha alumina, 1 .0 wt.-% zirconia, 
0.2 wt.-% calcium silicate, 0.1 %.-% boric acid 5 wt.-% of vaseline and 25 % walnut shell flour. The final carrier comprises 
55 ppm leachable potassium. 

25 [001 9] The catalyst is obtained by calcining the impregnated carrier at a temperature of 240° - 270 ° C for 3 to 6 minutes 
in air stream for one time. 

SUMMARY OF THE INVENTION 

30 [0020] The various objects mentioned above accomplished by the following items (1) - (3). 

(1) A catalyst for the production of ethylene oxide, having a silver deposited on a carrier containing at least 90.0 
mass % of a-alumina, 0.03 - 0.8 mass% of potassium and iron (calculated as Fe 2 0 3 and K 2 0), wherein both 
potassium and iron are present in the carrier, 0.1-5 mass% of a silicon compound (calculated as oxide), and 1- 5 

35 mass% of a zirconium compound (calculated as oxide); wherein the carrier is obtainable by 

mixing the components; 

forming the resultant mixture in a prescribed shape; 
drying the formed product, and 
^o - a calcination. 

(2) A method for the production of a catalyst set forth in any of claims 1 - 5, which comprises depositing silver and 
an alkali metal on a carrier and 1 - 5 mass % of zirconium compound (calculated as oxide), drying the resultant 
composite, heat-treating the dried composite at a temperature in the range of 60 - 450 °C in the presence of an 

45 oxygen-containing gas, and subjecting the heated composite to a high -temperature heat treatment in the atmosphere 

of an inert gas at a temperature in the range of 450° - 700 °C. 

(3) A method for the production of ethylene oxide, characterized by subjecting ethylene to gas phase oxidation with 
a molecular oxygen-containing gas by the use of a catalyst set forth in the item (1) or a catalyst produced by a 

50 method set forth in the item (2). 

[0021] Since the catalyst contemplated by this invention for the production of ethylene oxide is possessed of such a 
construction as described above, it brings an improvement in the selectivity for ethylene oxide, an improvement in the 
activity, and an improvement in the long-time life performance as compared with the conventional countertype. 

55 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0022] The catalyst carrier contemplated by this invention for the production of ethylene oxide is prepared from oc- 
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alumina powder of high purity, a compound affording potassium oxide and iron oxide, silica sol, a compound affording 
zirconia (arbitrary components) and conventional binder/perfect combustion agent. 

[0023] The a-alumina which is used for the preparation of the catalyst has an assay approximating to 98 mass %, 
preferably exceeding 98.5 mass % and has a sodium impurity content not exceeding about 0.06 mass %, specifically 

5 falling in the range of 0.02 - 0.06 mass %. The alumina comprises a-crystals having an average particle size preferably 
in the range of about 0.5 - about 5 |mm, preferably in the range of about 1 - about 4 |mm. These crystals are preferred to 
aggregate and form particles having an average particle diameter in the range of 30 - 1 00 lutm, favorably in the range of 
40 - 80 ijliti. The average size of such microcrystals has been decided by measuring the maximum sizes and the minimum 
sizes of a certain number of such microcrystals in the image of the transmission electron microscope (TEM) and averaging 

10 the results of the measurement. The a-alumina is present in the fired carrier in a quantity of at least 90.0 mass %, 
preferably in the range of 92 - 97 mass %, based on the total mass of the carrier. 

[0024] The BET (Brunauer-Emmett-Teller) specific surface area of the a-alumina powder is in the range of 0.1 - 5 
m 2 /g, preferably in the range of 0.5 - 4 m 2 /g. 

[0025] The quantity of the potassium and iron component (calculated as oxide, i.e. K 2 0 and/or Fe 2 0 3 ) in the composition 

15 of the carrier contemplated by this invention is in the range of 0.03 - 0.8 mass %, and more preferably in the range of 
0.05 - 0.5 mass %, based on the total mass of the carrier. If the quantity of the metal falls short of 0.01 mass %, the 
shortage will result in preventing the incorporated metal from bringing a discernible improvement in the selectivity. 
Conversely, the quantity exceeds 1 mass %, the excess will result in degrading both the activity and the selectivity. 
[0026] The potassium compound which can be used for the production of the carrier of this invention is such acompound 

20 as undergoes decomposition or forms an oxide during the process of calcination. Examples of the compound that answers 
this description include carbonates, nitrates, and carboxylates and further embrace the oxides of these salts, and mixed 
oxides of aluminates, silicates, and aluminosilicates. As typical examples of the compound, compounds such as potas- 
sium hydroxide and potassium oxide and natural products such as potassium feldspar. Among other compounds cited, 
potassium hydroxide and potassium oxide prove particularly advantageous. 

25 [0027] The cationic species which is thought to contribute to the stabilization of an amorphous layer as a network 
modifier ion in the structure of amorphous silica is preferred to be an alkali metal, particularly potassium. Further, the 
iron compound is thought to make a specific contribution to the stabilization of an amorphous layer because iron exhibits 
specific selectivity to the carrier contemplated by this invention among other transition metal elements. When potassium 
and/or iron is contained, it is preferable to extrude a Ma element because potassium and iron induces degradation of 

30 performance due to the excessive promotion of the basic function inherent in the compound of a lla element. The content 
of this lla compound (as reduced to oxide, MO) preferably falls below 0.1 mass %, more preferably below 0.05 mass 
%, and most preferably below 0.01 mass %, based on the total mass of the carrier. 

[0028] The silicon compound which is used in the production of the carrier contemplated by this invention is an oxide 
or a compound which is decomposable into an oxide in the process of calcination. Proper compounds answering this 
35 description include silicon dioxide itself and potassium silicate, zirconium silicate, and silica sol as well. Silica sol proves 
particularly advantageous. The compound content (calculated as Si0 2 ) in the final carrier composition is preferably in 
the range of about 0.1 - about 5 mass %, more preferably in the range of about 0.03 - about 5 mass %, and most 
preferably in the range of about 0.05 - about 5 mass %. 

[0029] Though zirconia is an arbitrary component, the quantity thereof is in the range of 1 - 5 mass %, preferably in 
^o the range of about 1 .5 - about 4.5 mass %, and particularly preferably in the range of about 2 - about 4 mass %, based 
on the total mass of the carrier. Where zirconia is formed in situ, the quantity of zirconia to be used ought to be so 
selected as to give a final ratio falling in the range specified above. 

[0030] The zirconium compound which can be used in the production of the carrier contemplated by this invention is 
an oxide or a compound which is decomposable into an oxide in the process of calcination. The zirconium compounds 
45 answering this description include carbonates, nitrates, and carboxylates, for example. As typical examples of such 
proper compounds, zirconium nitrate, zirconia sol, zirconium dioxide, zirconium silicate, and such mixed oxides as 
zirconium alumino-silicate may be cited. Zirconia sol proves particularly advantageous among other compounds cited 
above. 

[0031] The perfect combustion agent is a material which is so incorporated in the mixture that it may be perfectly 
50 removed from the carrier in the process of calcination and consequently enabled to leave controlled pores behind in the 

carrier. The materials answering this description include coke, carbon powder, graphite, powdered plastics (such as of 

polyethylene, polystyrene, and polycarbonate), rosin, cellulose and cellulosic materials, sawdust, and carbon-based 

materials such as ground fruit shells (such as shells of pecan, cashew, nut, and hazel nut), and other plant materials. 

A varying type of carbon-based binder also can serve as a perfect combustion agent. The perfect combustion agent is 
55 supplied in such a quantity and a size distribution as affords a final carrier exhibiting a pore volume preferably in the 

range of about 1 0 - 80 cc/g and more preferably in the range of 30 - 70 cc/g. A preferred perfect combustion agent is a 

material originating in the cellulose such as of ground hard fruit shell. 

[0032] The term "binder" as used in the present specification means a so-called low-temperature binder, namely a 
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reagent which is capable of retaining together the components of the carrier mentioned above and consequently forming 
an extrudable paste prior to the calcination thereof. This binder also facilitates the step of extrusion by imparting a 
lubricating property. Typical examples of the binder include a combination of alumina gel with such a peptizer as nitric 
acid or acetic acid. Suitable binders embrace such carbon-based materials are capable of acting as a perfect combustion 
5 agent. Typical examples of these binders, cellulose, substituted celluloses (such as methyl cellulose, ethyl cellulose, 
and carboxyethyl cellulose), organic stearic esters (such as, for example, methyl and ethyl stearates), waxes, and 
polyolefin oxides may be cited. Preferred binders are methyl cellulose and starch. 

[0033] The components of the carrier obtained as described above are mixed and the resultant mixture is then formed 
in a prescribed shape such as, for example, pellets, rings, and spheres. The average equivalent diameter of these 

to particulates is generally in the range of 3 - 20 mm and preferably in the range of 5 - 1 0 mm. 

[0034] The formed product is dried to expel the water component which transforms to steam during the process of 
calcination and not to disrupt the physical cohesive property of the formed product. Typically, the drying operation and 
the calcination operation may be put together into one step by suitably programming time and temperature. The calcination 
is performed under conditions sufficient for removing the perfect combustion agent and the binder and causing the oc- 

is alumina particles to be fused into porous hard clusters. The calcination is typically performed in an oxidizing atmosphere 
such as, for example, oxygen gas or preferably the air at a highest temperature exceeding 1200°C, preferably falling in 
the range of about 1300° - about 1500°C. The duration of the calcination operation at this highest temperature may be 
in the range of about 0.5 - about 300 minutes . 

[0035] The specific surface area of the carrier for the catalyst contemplated by this invention is generally in the range 

20 of 0.05 - 1 0 m 2 /g, preferably in the range of 0. 1 - 5 m 2 /g, and more preferably in the range of 0.2 - 2.0 m 2 /g. If the specific 
surface area is unduly low, the shortage will result in preventing acquisition of a fully satisfactory coefficient of water 
absorption and rendering difficult the deposition of a catalyst component because the sintering proceeds excessively. 
Conversely, if the specific surface area is unduly high, the excess will result in decreasing the diameter of pores and 
promoting the secondary oxidation of ethylene oxide as the final product. The water absorption ratio is generally in the 

25 range of 10 - 70%, preferably in the range of 20 - 60%, and more preferably in the range of 30 - 50%. If the water 
absorption ratio is unduly low, the shortage will result in rendering the deposition of a catalyst component difficult. 
Conversely, if the water absorption ratio is unduly high, the excess will result in preventing the carrier from acquiring 
fully satisfactory strength. The mean pore diameter is generally in the range of 0.1 - 5 |mm, preferably in the range of 0.2 
- 3 |mm, and more preferably in the range of 0.3 - 0.9 imm. If the mean pore diameter is unduly large, the excess will result 

30 in lowering the activity. Conversely, if the mean pore diameter is unduly small, the shortage will result in promoting the 
successive oxidation of ethylene oxide as the final produce owing to the stagnation of the gas. The porosity is generally 
in the range of 40 - 80% and preferably in the range of 50 - 70%. If the porosity is unduly low, the shortage will result in 
excessively enlarging the specific gravity of the carrier. Conversely, if the porosity is unduly high, the excess will result 
in preventing the carrier from acquiring fully satisfactory strength. 

35 [0036] As the catalyst additive to the carrier contemplated by this invention, alkali metals are effective and cesium is 
most effective. Generally, the deposition of this additive on the carrier is effected by a method which comprises in 
impregnating the carrier in a solution of the additive. In the carrier of this invention, the addition of an element of Via 
group and an element of VII group in the Periodic Table of the Elements is observed to tend to degrade both activity 
and selectivity. 

40 [0037] The catalyst contemplated by this invention for the production of ethylene oxide can be prepared by following 
the method commonly used in the preparation of a catalyst for use in the production of ethylene oxide. The catalyst 
component to be deposited on the carrier may be silver alone or a combination of silver with a reaction promoter, namely 
an alkali metal such as, for example, cesium. The expression "deposit the silver component" as used in the present 
specification embraces the mode of depositing not only silver alone but also silver and a reaction promoter. 

45 [0038] Preferably, the preparation of the catalyst is effected by preparing an aqueous solution solely containing a 
silver compound intended to form silver or containing this silver compound in combination with a complexing agent 
intended to form a silver complex optionally further with a reaction promoter, impregnating the carrier with the aqueous 
solution, and drying and heat-treating the impregnated carrier. The product of this heat treatment is preferred to be 
further subjected to a high-temperature heat treatment. 

so [0039] This drying can be carried out in the atmosphere of an oxygen-containing gas such as air or an inert gas such 
as nitrogen at a temperature in the range of 60° - 120°C. It is particularly preferable to effect this drying in the atmosphere 
of an inert gas. 

[0040] This heat treatment is preferred to be performed in the atmosphere of an oxygen-containing gas such as air 
or an inert gas such as nitrogen at a temperature in the range of 60° - 450 °C. Though it may be carried out in one step, 
55 it is preferred to be carried out in two or more steps. Particularly, the first step properly proceeds in the atmosphere of 
an oxygen-containing gas at a temperature in the range of 150° - 250 °C for a duration in the range of 0.02 - 10 hours. 
Thereafter, the second step is properly performed in the atmosphere of an oxygen-containing gas at a temperature in 
the range of 250° - 450 °C for a duration in the range of 0.02 - 10 hours. 
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[0041] The high-temperature heat treatment is preferred to proceed in the atmosphere of an inert gas selected from 
among nitrogen, helium, and argon at a temperature in the range of 450 ° - 700 ° C for a duration in the range of 0. 1 - 1 0 hours. 
[0042] As typical examples of the oxygen-containing atmosphere, the atmosphere of air and the atmosphere of a gas 
having an adjusted oxygen concentration may be cited. 
5 [0043] As typical examples of the atmosphere of an inert gas, the atmosphere of an inert gas selected from among 
nitrogen, helium, and argon, the atmosphere of a reducing gas selected from between hydrogen and carbon monoxide, 
and the atmosphere of a mixed gas of an inert gas and a reducing gas may be cited. 

[0044] As typical examples of the silver compound mentioned above, silver nitrate, silver carbonate, silver oxalate, 
silver acetate, silver propionate, silver lactate, silver citrate, and silver neodecanoate may be cited. As typical examples 
to of the complexing agent, monoethanolamine, diethanolamine, triethanolamine, ethylene diamine, and propylene diamine 
may be cited. As typical examples of the rection promoter, alkali metals such as lithium, sodium, potassium, rubidium, 
and cesium, and thallium and sulfur may be cited. Among other reaction promoters cited above, alkali metals prove 
particularly advantageous. These reaction promoters may be used either singly or in the form of a combination of two 
or more members. 

15 [0045] The catalyst contemplated by this invention for the production of ethylene oxide is preferred to have silver as 
a catalytic component and such a reaction promoter as cesium deposited on the carrier. The quantity of silver to be 
deposited is generally in the range of 1 - 30 mass %, preferably in the range of 5 - 20 mass % based on the total mass 
of the catalyst. When at least one element selected from the group consisting of alkali metals such as lithium, potassium, 
rubidium, and cesium and thallium is used as the reaction promoter, the total quantity of the reaction promoter is generally 

20 in the range of 0.0001 - 5 mass %, preferably in the range of 0.001 - 3 mass %, more preferably in the range of 0.01 - 
2 mass %, and still more preferably in the range of 0.1 - 1 mass %, based on the total mass of the catalyst. If the coating 
ratio of silver manifested to the carrier is unduly low, the shortage will result in increasing the exposed surface of the 
carrier, bringing a consequent addition to the points of isomerizing activity which induces successive oxidation, and 
exerting an adverse effect on the selectivity. Conversely, if the coating ratio is unduly high, the excess will result in 

25 inducing enormous aggregation of silver during the course of the reaction. 

[0046] The production of ethylene oxide by gas phase oxidation as contemplated by this invention may be implemented 
by following the method which has been in popular use heretofore excepting the aforementioned catalystfor the production 
of ethylene oxide is used for the purpose of catalysis. 

[0047] Specifically, this method comprises preparing a raw material gas comprising 0.5 - 40 vol. % of ethylene, 3-10 
30 vol. % of oxygen, 5 - 30 vol. % of carbon dioxide gas, and the balance of an inert gas such as nitrogen, argon, or steam 
and a lower hydrocarbon such as methane and ethane and further incorporating therein such an organic halogen 
compound as ethylene dichloride or ethyl chloride as a reaction inhibitor and advancing this raw material gas at a spatial 
velocity in the range of 1 000 - 30000 hr 1 (STP) and preferably in the range of 3000 - 8000 hr 1 (STP) under a pressure 
in the range of 0.2 - 4 MPa and preferably in the range of 1 .5 - 4 MPa at a temperature in the range of 1 80 - 300 °C and 
35 preferably in the range of 200 -260°C into contact with the aforementioned catalyst for the production of ethylene oxide. 
[0048] Incidentally, the ethane content in the residual gas mentioned above is preferably not more than 3 vol. % and 
advantageously not more than 0.5 vol. %. 

[0049] The organic halogen compound content in the residual gas is preferably not more than 100 ppm and advan- 
tageously not more than 10 ppm. 

40 [0050] The reaction gas composed of 21 vol. % of ethylene, 7 vol. % of oxygen, 6 vol. % of carbon dioxide, 50 vol. % 
of methane, 14 vol. % of argon, 1 .7 vol. % of nitrogen, 0.3 vol. % of ethane, and 3 ppm of ethyl chloride was fed to the 
catalyst. By feeding the gas to the catalyst for 100 hours at 3% of ethylene conversion based on the raw material gas, 
the average number of the mean silver particle on the catalyst decreased to 0.5-0.9 times the average number of the 
mean silver particle on the fresh catalyst. The decrease in the average number stabilizes the catalyst and consequently 

45 gives excellence in the life performance. This improvement of the catalyst may be logically explained by a supposition 
that the silver of this catalyst had such a morphology as fitted the factors including the carrier surface, the silver, and 
the reaction gas conditions. 

[0051] Now, this invention will be described more specifically below with reference to working examples. 
50 Example 1 

[0052] In a kneader, 94 parts by mass of a-alumina powder (A) (having an average crystal diameter of alumina of 1 
imm, an average particle diameter of alumina of 6-5 juim, a BET specific surface area of 0.9 m 2 /g, and a ratio of linear 
shrinkage of 15% after two hours' calcination at 1 700 °C) (calculated as A 2 0 3 ), 4.5 parts by mass of zirconia sol (made 
55 by Nissan Chemicals Industries, Ltd. and sold under the product code of "NZS-30B") (as reduced to Zr0 2 ), 1 .0 part by 
mass of silica sol (made by Nissan Chemicals Industries, Ltd. and sold under the product code of "Snowtex-N") (calculated 
as Si0 2 ), 0.2 part by mass of iron oxide (III) (made by Wako Pure Chemicals Industries, Ltd. and sold under the product 
code of "99.9% Reagent") (calculated as Fe 2 O s ), 0.1 part by mass of potassium hydroxide (made by Wako Pure Chemical 
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Industries, Ltd. and sold under the product code of "Reagent Chemical") (calculated as K 2 0), 6 parts by mass of methyl 
cellulose, 6 parts by mass of corn starch, and 30 parts by mass of ground nut shell (having an average particle diameter 
in the range of 100 - 170 |mm) were introduced, thoroughly mixed, and further mixed thoroughly with 40 parts by mass 
of water added anew thereto. The resultant mixture was extrusion molded into rings, pelletized, dried, and calcined at 

5 1400°C for 2 hours to afford a carrier (A). 

[0053] This carrier (A) was found to have an aluminum content of 94 mass % (carrier) calculated as Al 2 0 3 , a zirconium 
content of 4.5 mass % (carrier) calculated as Zr0 2 , a silicon content of 1 mass % (carrier) calculated as Si0 2 , an iron 
content of 0.2 mass % (carrier) calculated as Fe 2 O s , and a potassium content of 0.1 mass % (carrier) calculated as 
K 2 0. It showed a BET specific surface area of 0.7 m 2 /g, a water absorption ratio of 44%, a mean pore diameter of 0. 9 

10 jutrn, and an apparent porosity of 65%. 

[0054] The carrier obtained as described above was boiled and washed 3 times with purified water and dried. The 
quantity 21 0 g of the washed carrier was impregnated with a complex solution formed of 57.2 g of silver oxalate, 38.6 
ml of ethylenediamine, 41 .4 ml of water, and 0.2 2 g of cesium nitrate, then heated, concentrated, further dried at 1 20 ° C 
for 30 minutes, then dried in draft at 150°C for 30 minutes and at 300 °C for 30 minutes, then left cooling to normal room 

15 temperature, and further heat-treated in the atmosphere of nitrogen at 600 °C for 1 hour to afford a catalyst (a) for the 
production of ethylene oxide. 

Example 2 

20 [0055] In a kneader, 94 parts by mass of a-alumina powder (A) (calculated as AI 2 O s ), 4.5 parts by mass of zirconia 
powder (made by Wako Pure Chemical Industries, Ltd. and sold under the product code of "Reagent Chemical") (cal- 
culated as Zr0 2 ), 1.0 part by mass of silica sol (calculated as Si0 2 ), 0.2 part by mass of iron oxide (III) (calculated as 
Fe 2 0 3 ), 0.1 part by mass of potassium hydroxide (calculated as K 2 0), 6 parts by mass of methyl cellulose, 6 parts by 
mass of corn starch, and 30 parts by mass of ground nut shell (having an average particle diameter in the range of 1 00 

25 - 1 70 jutrn) were introduced, thoroughly mixed, and further mixed thoroughly with 40 parts by mass of water added anew 
thereto. The resultant mixture was extrusion molded into rings, pelletized, dried, and calcined at 1500°C for 2 hours to 
afford a carrier (B). 

[0056] This carrier (B) was found to have an aluminum content of 94 mass % (carrier) calculated as AI 2 O s , a zirconium 
content of 4.5 mass % (carrier) calculated as Zr0 2 , a silicon content of 1 mass % (carrier) calculated as Si0 2 , an iron 
30 content of 0.2 mass % (carrier) calculated as Fe20 3 , and a potassium content, of 0.1 mass % (carrier) calculated as 
K 2 0. It showed a BET specific surface area of 0.6 m 2 /g, a ratio of water absorption of 43%, a mean pore diameter of 
1 .0 lutm, and an apparent porosity of 63%. 

[0057] The carrier obtained as described above was boiled and washed three times with purified water and dried. The 
quantity 21 0 g of the washed carrier was impregnated with a complex solution formed of 57.2 g of silver oxalate, 38.6 
35 ml of ethylene diamine, 41.4 ml of water, and 0.22 g of cesium nitrate, then heated, concentrated, further dried at 1 20 ° C 
for 30 minutes, then dried in draft at 150°C for 30 minutes and at 300° C for 30 minutes, then left cooling to normal room 
temperature, and further heat-treated in the atmosphere of nitrogen at 600 °C for 1 hour to afford a catalyst (b) for the 
production of ethylene oxide. 

^o Example 3 

[0058] In a kneader, 94 parts by mass of a-alumina powder (B) (having an average crystal diameter of alumina of 1 
imm, an average particle diameter of alumina of 65 lutm, a BET specific surface area of 2.1 m 2 /g, and a ratio of linear 
shrinkage of 14% after two hours' firing at 1700°C) (calculated as A 2 0 3 ), 4 parts by mass of zirconia sol (calculated as 

45 Zr0 2 ), 1 part by mass of silica sol (calculated as Si0 2 ), 0.3 part by mass of iron oxide (III) (calculated as Fe 2 0 3 ), 0.1 
part by mass of potassium hydroxide (calculated as K 2 0), 6 parts by mass of methyl cellulose, 6 parts by mass of corn 
starch, and 30 parts by mass of ground nut shell (having an average particle diameter in the range of 100 - 170 |mm) 
were introduced, thoroughly mixed, and further mixed thoroughly with 40 parts by mass of water added anew thereto. 
The resultant mixture was extrusion molded into rings, pelletized, dried, and calcined at 1500°C for 2 hours to afford a 

50 carrier (C). 

[0059] This carrier (C) was found to have an aluminum content of 94 mass % (carrier) calculated as AI 2 O s , a zirconium 
content of 4 mass % (carrier) calculated as Zr0 2 , a silicon content of 1 mass % (carrier) calculated as Si0 2 , an iron 
content of 0.3 mass % (carrier) calculated as Fe 2 O s , and a potassium content of 0.1 mass % (carrier) calculated as 
K 2 0. It showed a BET specific surface area of 1.2 m 2 /g, a ratio of water absorption of 40%, a mean pore diameter of 
55 0.8 |mm, and an apparent porosity of 61%. 

[0060] The carrier obtained as described above was boiled and washed 3 times with purified water and dried. The 
quantity 21 0 g of the washed carrier was impregnated with a complex solution formed of 57.2 g of silver oxalate, 38.6 
ml of ethylenediamine, 41.4 ml of water, and 0.22 g of cesium nitrate, then heated, concentrated, further dried at 1 20 ° C 
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for 30 minutes, then dried in draft at 150°C for 30 minutes and at 300° C for 30 minutes, then left cooling to normal room 
temperature, and further heat-treated in the atmosphere of nitrogen at 600 °C for 1 hour to afford a catalyst (c) for the 
production of ethylene oxide. 

5 Example 4 

[0061] In a kneader, 94 parts by mass of oc-alumina powder (B) (calculated as Al 2 0 3 ), 4 parts by mass of zirconia sol 
(calculated as Zr0 2 ), 2 parts by mass of silica sol (calculated as Si0 2 ), 0.3 part by mass of iron oxide (III) (calculated 
as Fe 2 O s ), 0.1 part by mass of potassium hydroxide (calculated as K 2 0), 6 parts by mass of methyl cellulose, 6 parts 
to by mass of corn starch, and 30 parts by mass of ground nut shell (having an average particle diameter in the range of 
1 00 - 1 70 imm) were introduced, thoroughly mixed, and further mixed thoroughly with 40 parts by mass of water added 
anew thereto. The resultant mixture was extrusion molded into rings, pelletized, dried, and calcined at 1400°C for two 
hours to afford a carrier (D). 

[0062] This carrier (D) was found to have an aluminum content of 94 mass % (carrier) calculated as AI 2 O s , a zirconium 
15 content of 4 mass % (carrier) calculated as Zr0 2 , a silicon content of 2 mass % (carrier) calculated as Si0 2 , an iron 
content of 0.3 mass % (carrier) calculated as Fe 2 0 3 , and a potassium content of 0.1 mass % (carrier) calculated as 
K 2 0. It showed a BET specific surface area of 1.2 m 2 /g, a ratio of water absorption of 40%, a mean pore diameter of 
0.8 |jliti, and an apparent porosity of 61%. 

[0063] The carrier obtained as described above was boiled and washed 3 times with purified water and dried. The 
20 quantity 21 0 g of the washed carrier was impregnated with a complex solution formed of 57.2 g of silver oxalate, 38.6 
ml of ethylenediamine, 41.4 ml of water, and 0.22 g of cesium nitrate, then heated, concentrated, further dried at 1 20 ° C 
for 30 minutes, then dried in draft at 200° C for 10 minutes and at400°C for 10 minutes, then left cooling to normal room 
temperature, and further heat-treated in the atmosphere of nitrogen at 500 °C for four hours to afford a catalyst (d) for 
the production of ethylene oxide. 

25 

Example 5 

[0064] In a kneader, 93 parts by mass of oc-alumina powder (A) (calculated as Al 2 0 3 ), 3 parts by mass of zirconia 
powder (calculated as Zr0 2 ), 3 parts by mass of silica sol (calculated as Si0 2 ), 0.3 part by mass of iron oxide (III) 

30 (calculated as Fe 2 O s ), 0. 1 part by mass of potassium hydroxide (calculated as K 2 0), 6 parts by mass of methyl cellulose, 
6 parts by mass of corn starch, and 30 parts by mass of ground nut shell (having an average particle diameter in the 
range of 1 00 - 1 70 jutm) were introduced, thoroughly mixed, and further mixed thoroughly with 40 parts by mass of water 
added anew thereto. The resultant mixture was extrusion molded into rings, pelletized, dried, and calcined at 1500°C 
for 2 hours to afford a carrier (E). 

35 [0065] This carrier (E) was found to have an aluminum content of 93 mass % (carrier) calculated as AI 2 O s , a zirconium 
content of 3 mass % (carrier) calculated as Zr0 2 , a silicon content of 3 mass % (carrier) calculated as Si0 2 , an iron 
content of 0.3 mass % (carrier) calculated as Fe 2 0 3 , and a potassium content of 0.1 mass % (carrier) calculated as 
K 2 0. It showed a BET specific surface area of 0.7 m 2 /g, a ratio of water absorption of 42%, a mean pore diameter of 
0.8 iulid, and an apparent porosity of 62%. 

40 [0066] The carrier obtained as described above was boiled and washed three times with purified water and dried. The 
quantity 21 0 g of the washed carrier was impregnated with a complex solution formed of 57.2 g of silver oxalate, 38.6 
ml of ethylene diamine, 41.4 ml of water, and 0.22 g of cesium nitrate, then heated, concentrated, further dried at 1 20 ° C 
for 30 minutes, then dried in draft at 200 °C for 10 minutes and at 400° C for 10 minutes, then left cooling to normal room 
temperature, and further heat-treated in the atmosphere of nitrogen at 550 °C for 3 hours to afford a catalyst (e) for the 

^5 production of ethylene oxide. 

Example 6 

[0067] In a kneader, 97 parts by mass of a-alumina powder (A) (calculated as Al 2 0 3 ), 2 parts by mass of zirconia 
50 powder (calculated as Zr0 2 ), 0.5 part by mass of silica sol (calculated as Si0 2 ), 0.1 part by mass of iron oxide (III) 
(calculated as Fe 2 O s ), 0. 1 part by mass of potassium hydroxide (calculated as K 2 0), 6 parts by mass of methyl cellulose, 
6 parts by mass of corn starch, and 30 parts by mass of ground nut shell (having an average particle diameter in the 
range of 1 00 - 1 70 juliti) were introduced, thoroughly mixed, and further mixed thoroughly with 40 parts by mass of water 
added anew thereto. The resultant mixture was extrusion molded into rings, pelletized, dried, and calcined at 1500°C 
55 for 4 hours to afford a carrier (F). 

[0068] This carrier (F) was found to have an aluminum content of 97 mass % (carrier) calculated as AI 2 O s , a zirconium 
content of 2 mass % (carrier) calculated as Zr0 2 , a silicon content of 0.5 mass % (carrier) calculated as Si0 2 , an iron 
content of 0.1 mass % (carrier) calculated as Fe 2 0 3 , and a potassium content of 0.1 mass % (carrier) calculated as 
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K 2 0. It showed a BET specific surface area of 0.5 m 2 /g, a ratio of water absorption of 39%, a mean pore diameter of 
0.7 |mm, and an apparent porosity of 59%. 

[0069] The carrier obtained as described above was boiled and washed 3 times with purified water and dried. The 
quantity 210 g of the washed carrier was impregnated with a complex solution formed of 57.2 g of silver oxalate, 38.6 
5 ml of ethylene diamine, 41 .4 ml of water, and 0.22 g of cesium acetate, then heated, concentrated, further dried at 1 20 ° C 
for 30 minutes, then dried in draft at 250 °C for 20 minutes and at 450° C for 20 minutes, then left cooling to normal room 
temperature, and further heat-treated in the atmosphere of nitrogen at 600 °C for 1 hour to afford a catalyst (f) for the 
production of ethylene oxide. 

10 Example 7 

[0070] In a kneader, 97 parts by mass of oc-alumina powder (A) (calculated as Al 2 0 3 ), 1 .5 parts by mass of zirconia 
powder (calculated asZr0 2 ), 1 part by mass of silica sol (calculated as Si0 2 ), 0.1 part by mass of iron oxide (III) (calculated 
as Fe 2 O s ), 0.1 part by mass of potassium hydroxide (calculated as K 2 0), 6 parts by mass of methyl cellulose, 6 parts 
15 by mass of corn starch, and 30 parts by mass of ground nut shell (having an average particle diameter in the range of 
1 00 - 1 70 |mm) were introduced, thoroughly mixed, and further mixed thoroughly with 40 parts by mass of water added 
anew thereto. The resultant mixture was extrusion molded into rings, pelletized, dried, and calcined at 1500°C for 2 
hours to afford a carrier (G). 

[0071] This carrier (G) was found to have an aluminum content of 97 mass % (carrier) calculated as Al 2 0 3 , a zirconia 
20 content of 1 .5 mass % (carrier) calculated as Zr0 2 , a silicon content of 1 mass % (carrier) calculated as Si0 2 , an iron 
content of 0.1 mass % (carrier) calculated as Fe 2 0 3 , and a potassium content of 0.1 mass % (carrier) calculated as 
K 2 0. It showed a BET specific surface area of 0.5 m 2 /g, a ratio of water absorption of 42%, a mean pore diameter of 
0.9 jjun, and an apparent porosity of 62%. 

[0072] The carrier obtained as described above was boiled and washed 3 times with purified water and dried. The 
25 quantity 21 0 g of the washed carrier was impregnated with a complex solution formed of 57.2 g of silver oxalate, 38.6 
ml of ethylenediamine, 41.4 ml of water, and 0.22 g of cesium nitrate, then heated, concentrated, further dried at 1 20 ° C 
for 30 minutes, then dried in draft at 150°C for 30 minutes and at 300 °C for 30 minutes, then left cooling to normal room 
temperature, and further heat-treated in the atmosphere of nitrogen at 600 °C for 1 hour to afford a catalyst (g) for the 
production of ethylene oxide. 

30 

Example 8 

[0073] In a kneader, 97 parts by mass of a-alumina powder (A) (calculated as Al 2 0 3 ) 1.5 parts by mass of zirconia 
sol (calculated as Zr0 2 ), 1 part by mass of silica sol (calculated as Si0 2 ), 0.1 part by mass of iron oxide (III) (calculated 
35 as Fe 2 0 3 ), 0.1 part by mass of potassium hydroxide (calculated as K 2 0), 6 parts by mass of methyl cellulose, 6 parts 
by mass of corn starch, and 30 parts by mass of ground nut shell (having an average particle diameter in the range of 
1 00 - 1 70 imm) were introduced, thoroughly mixed, and further mixed thoroughly with 40 parts by mass of water added 
anew thereto. The resultant mixture was extrusion molded into rings, pelletized, dried, and calcined at 1500°C for 2 
hours to afford a carrier (H). 

^o [0074] This carrier (H) was found to have an aluminum content of 97 mass % (carrier) calculated as AI 2 O s , a zirconium 
content of 1.5 mass % (carrier) calculated as Zr0 2 , a silicon content of 1 mass % (carrier) calculated as Si0 2 , an iron 
content of 0.1 mass % (carrier) calculated as Fe 2 O s , and a potassium content of 0.1 mass % (carrier) calculated as 
K 2 0. It showed a BET specific surface area of 0.8 m 2 /g, a ratio of water absoption of 41%, a mean pore diameter of 0. 

9 |mm, and an apparent porosity of 61%. 

45 [0075] The carrier obtained as described above was treated by following the procedure of Example 1 to afford a 
catalyst (h) for the production of ethylene oxide. 

Control 1 

50 [0076] A carrier (I) (having an aluminum content of 82 mass % (carrier) calculated as Al 2 0 3 , a zirconium content of 

10 mass % (carrier) calculated as Zr0 2 , a silicon content of 5 mass % (carrier) calculated as Si0 2 , an iron content of 
1.1 mass% (carrier) calculated as Fe 2 O s , a potassium content of 1.1 mass % (carrier) calculated as K 2 0, a BET specific 
surface area of 0.9m 2 /g, a ratio of water absorption of 48%, ameanporediameter of 1 .5 |uim, and an apparent porosity 
of 66%) was boiled and washed 3 times and dried. The quantity 210 g of the washed carrier was impregnated with a 

55 complex solution formed of 57.2 g of silver oxalate, 38.6 ml of ethylenediamine, 41 .4 ml of water, and 0.22 g of cesium 
nitrate, then heated, concentrated, further dried at 120° C for 30 minutes, then heated in draft at 150° C for 30 minutes, 
heated at 300° C for 30 minutes, then left cooling to normal room temperature, and further heattreated in the atmosphere 
of nitrogen at 600 °C for 1 hour to afford a catalyst (i) for the production of ethylene oxide. 
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Control 2 

[0077] A carrier (J) (having an aluminum content of 90 mass % (carrier) calculated as Al 2 0 3 , a zirconium content of 
5 mass % (carrier) calculated as Zr0 2 , a silicon content of 4 mass % (carrier) calculated as Si0 2 , an iron content of 1 .3 

5 mass % (carrier) calculated as Fe 2 0 3 , a potassium content of 0.1 mass % (carrier) calculated as K 2 0, a BET specific 
surface area of 0.9m 2 /g, a ratio of water absorption of 47%, a mean pore diameter of 1 .5 jjim, and an apparent porosity 
of 66%) was boiled and washed 3 times and dried. The quantity 210 g of the washed carrier was impregnated with a 
complex solution formed of 57.2 g of silver oxalate, 38.6 ml of ethylenediamine, 41 .4 ml of water, and 0.22 g of cesium 
nitrate, then heated, concentrated, further dried at 120° C for 30 minutes, then heated in draft at 150°C for 30 minutes, 

10 heated at 300° C for 30 minutes, then left cooling to normal room temperature, and further heattreated in the atmosphere 
of nitrogen at 600 °C for 1 hour to afford a catalyst (j) for the production of ethylene oxide. 

Control 3 

15 [0078] A carrier (K) (having an aluminum content of 98 mass % (carrier) as reduced to Al 2 0 3 , a zirconium content of 
0.5 mass % (carrier) calculated as Zr0 2 , a silicon content of 0.5 mass % (carrier) calculated as Si0 2 , an iron content of 
0.3 mass% (carrier) calculated as Fe 2 0 3 , a potassium content of 1.1 mass % (carrier) calculated as K 2 0, a BET specific 
surface area of 0.5m 2 /g, aratioof water absorption of 38%, ameanporediameter of 0.6 |mm, and an apparent porosity of 
57%) was boiled and washed 3 times and dried. The quantity 210 g of the washed carrier was impregnated with a 

20 complex solution formed of 57.2 g of silver oxalate, 38.6 ml of ethylene diamine, 41 .4 ml of water, and 0.22 g of cesium 
nitrate, then heated, concentrated, further dried at 120° C for 30 minutes, then heated in draft at 150°C for 30 minutes, 
heated at 300° C for 30 minutes, then left cooling to normal room temperature, and further heattreated in the atmosphere 
of nitrogen at 600 °C for 1 hour to afford a catalyst (k) for the production of ethylene oxide. 

25 Example 9 

[0079] The catalysts (a) - (k) were each crushed and sifted to separate a portion of 600 - 850 mesh. A reaction tube 
made of stainless steel and measuring 3 mm in inside diameter and 600 mm in length was packed with 1.2 g of the 
separated powder and was utilized for gas phase oxidation of ethylene under the following conditions. After 120 hours 
30 of the reaction continued with the degree of conversion of ethylene set at 3% based on the quantity of the raw material 
gas, the selectivity of the reaction for ethylene oxide and the reaction temperature of the catalyst bed were determined. 
The results are shown in Table 1 . 

<Reaction conditions> 

35 

[0080] 

Space velocity: 6200 hr 1 
Reaction pressure: 2.1 MPa 

^o Raw material gas: 21 vol. % of ethylene, 7 vol. % of oxygen, 6 vol. % of carbon dioxide, 50 vol. % of methane, 14 

vol. % of argon, 1 .7 vol. % of nitrogen, 0.3 vol. % of ethane, 3 ppm of ethyl chloride 



Table 1 



Catalyst used 


Selectivity (%) 


Reaction temperature (°C) 


a 


81.7 


237 


b 


81.3 


242 


c 


82.2 


222 


d 


82.1 


225 


e 


81.5 


243 


f 


81.4 


245 


g 


81.9 


233 


h 


81.5 


240 
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(continued) 



Catalyst used 


Selectivity (%) 


Reaction temperature (°C) 


i 


79.8 


272 


j 


79.6 


268 


k 


80.0 


263 



w Claims 

1 . A catalyst for the production of ethylene oxide, having a silver deposited on a carrier containing at least 90.0 mass% 
of oc-alumina, 0.03 - 0.8 mass% of potassium and iron (calculated as Fe 2 0 3 and K 2 0) wherein both potassium and 
iron are present in the carrier, 0.1-5 mass% of a silicon compound (calculated as oxide), and 1 - 5 mass% of a 

15 zirconium compound (calculated as oxide); wherein the carrier is obtainable by 

- mixing the components; 

- forming the resultant mixture in a prescribed shape; 

- drying the formed product; and 
20 - a calcination. 

2. A catalyst according to claim 1 , wherein said carrier has a BET specific surface area in the range of 0.05 - 1 0 m 2 /g, 
and a water absorption ratio in the range of 1 0 - 70%. 

25 3. A catalyst according to claim 1 or claim 2, wherein the quantity of silver deposited is in the range of 1 - 30 mass %. 

4. A catalyst according to any of claims 1-3, wherein silver and a reaction promoter are deposited on said carrier 
wherein said reaction promoter is selected from the group consisting of alkali metals and thallium and is contained 
in a total quantity in the range of 0.0001-5 mass%. 

30 

5. A catalyst according to claim 4, wherein the reaction promoter is cesium, and wherein the content of cesium is in 
the range of 0.01 - 1 mass % (calculated as the oxide, M 2 0), based on the total mass of the catalyst. 

6. A method for the production of a catalyst set forth in any of claims 1 - 5, which comprises depositing silver and an 
35 alkali metal on a carrier, drying the resultant composite, heat-treating the dried composite at a temperature in the 

range of 60 - 450 °C in the presence of an oxygencontaining gas, and subjecting the heated composite to a high- 
temperature heat treatment in the atmosphere of an inert gas at a temperature in the range of 450° - 700°C. 

7. A method according to claim 6, wherein the heat treatment at 60° - 450° C in the presence of an oxygencontaining 
40 gas is carried out in not less than two steps. 

8. A method for the production of ethylene oxide, characterized by subjecting ethylene to gas phase oxidation with 
a molecular oxygen-containing gas by the use of a catalyst set forth in any one of claims 1 - 5 or a catalyst produced 
by a method set forth in claim 6 or claim 7. 

45 

Patentanspruche 

1 . Katalysator fur die Herstellung von Ethylenoxid, bei welchem Silber auf einem Trager abgelagert ist, der zumindest 
50 90,0 Massen-% oc-Aluminiumoxid, 0,03-0,8 Massen-% Kalium und Eisen (berechnet als Fe 2 0 3 und K 2 0), wobei 

sowohl Kalium als auch Eisen in dem Trager vorhanden sind, 0,1-5 Massen-% einer Siliziumverbindung (berechnet 
als Oxid) und 1 -5 Massen-% einer Zirkonverbindung (berechnet als Oxid) enthalt, wobei der Trager erhaltlich ist durch 

- Vermischen der Bestandteile 

55 - Formen der erhaltenen Mischung zu einer vorgeschriebenen Form, 

- Trocknen des geformten Produkts und 

- Kalzinierung. 
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2. Katalysator gemaB Anspruch 1, wobei der genannte Trager einen spezifischen BET-Oberflachenbereich in dem 
Bereich von 0,05-10 m 2 /g hat und ein Wasserabsorptionsverhaltnis in dem Bereich von 10-70%. 

3. Katalysator gemaB Anspruch 1 oder Anspruch 2, wobei die Menge an abgelagertem Silber in dem Bereich von 1 -30 
Massen-% ist. 

4. Katalysator gemaB einem der Anspruche 1-3, wobei Silber und ein Reaktionsbeschleuniger auf diesem Trager 
abgelagert werden, wobei dieser Reaktionsbeschleuniger ausgewahlt wird aus der Gruppe bestehend aus Alkali- 
metallen und Thallium und in der Gesamtmenge in dem Bereich von 0,0001-5 Massen-% enthalten ist. 

5. Katalysator gemaB Anspruch 4, wobei der Reaktionsbeschleuniger Casium ist und wobei der Gehalt an Casium in 
dem Bereich von 0,01-1 Massen-% (berechnet als das Oxid M 2 0) liegt, basierend auf der Gesamtmasse des 
Katalysators. 

6. Verfahren fur die Herstellung eines Katalysators wie in einem der Anspruche 1 -5 dargelegt, aufweisend das Ablagern 
von Silber und einem Alkalimetall auf einem Trager, Trocknen des erhaltenen Komposits, Warmebehandeln des 
getrockneten Komposits bei einer Temperatur in dem Bereich von 60-450° C in der Gegenwart eines Sauerstoff 
enthaltenden Gases und Unterziehen des erwarmten Komposits einer Hochtemperatur-Warmebehandlung in der 
Atmosphare eines Inertgases bei einer Temperatur im Bereich von 450°-700°C. 

7. Verfahren gemaB Anspruch 6, wobei die Warmebehandlung bei 60°450°C in der Gegenwart eines Sauerstoff 
enthaltenden Gases in nichtweniger als zwei Schritten ausgefuhrt wird. 

8. Verfahren fur die Herstellung von Ethylenoxid, dadurch gekennzeichnet, dass Ethylen unter Verwendung eines 
Katalysators, der in einem der Anspruche 1 -5 dargelegt wurde, oder eines Katalysators, hergestellt durch ein Ver- 
fahren, wie es in Anspruch 6 oder Anspruch 7 dargelegt wird, Gasphasenoxidation mit einem molekularen Sauerstoff 
enthaltenden Gas unterzogen wird. 



Revendications 

1 . Catalyseur pour la production d'oxyde d'ethylene, ayant un argent depose sur un support contenant au moins 90,0 
% en masse d'alumine a, 0,03 a 0,8 % en masse de potassium et de fer (exprimes en Fe 2 0 3 et K 2 0), dans lequel 
a la fois le potassium et le fer sont presents dans le support, 0,1 a 5 % en masse d'un compose de silicium (exprime 
en oxyde), et 1 a 5 % en masse d'un compose de zirconium (exprime en oxyde) ; dans lequel le support est 
susceptible d'etre obtenu par : 

- melange des composants ; 

- faconnage du melange resultant en une forme prescrite ; 

- sechage du produit faconne ; et 

- calcination. 

2. Catalyseur selon la revendication 1 , dans lequel ledit support possede une surface specifique BET dans la gamme 
de 0,05 a 10 m 2 /g, et un rapport d'absorption d'eau dans la gamme de 10 a 70 %. 

3. Catalyseur selon la revendication 1 ou la revendication 2, dans lequel la quantite d'argent depose se trouve dans 
la gamme de 1 a 30 % en masse. 

4. Catalyseur selon I'une quelconque des revendications 1 a 3, dans lequel de I'argent et un promoteur de reaction 
sont deposes sur ledit support ou ledit promoteur de reaction est choisi dans le groupe constitue de metaux alcalins 
et de thallium et est contenu en une quantite totale dans la gamme de 0,0001 a 5 % en masse. 

5. Catalyseur selon la revendication 4, dans lequel le promoteur de reaction est du cesium, et dans lequel la teneur 
en cesium se trouve dans la gamme de 0,01 a 1 % en masse (exprime en oxyde, M 2 0), basee sur la masse totale 
du catalyseur. 

6. Procede pour la production d'un catalyseur expose dans I'une quelconque des revendications 1 a 5, qui consiste 
a deposer de I'argent et un metal alcalin sur un support, a secher le composite resultant, a traiter thermiquement 
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le composite seche a une temperature dans la gamme de 60 °C a 450 °C en presence d'un gaz contenant de 
I'oxygene, et a soumettre le composite chauffe a un traitement thermique de haute temperature dans I'atmosphere 
d'un gaz inerte a une temperature dans la gamme de 450°C a 700°C. 

Procede selon la revendication 6, dans lequel le traitement thermique a une temperature de 60 °C a 450 °C en 
presence d'un gaz contenant de I'oxygene est realise en au moins deux etapes. 

Procede pour la production d'oxyde d'ethylene, caracterise par la soumission de I'ethylene a une oxydation en 
phase gazeuse avec un gaz contenant de I'oxygene moleculaire en utilisant un catalyseur expose dans I'une quel- 
conque des revendications 1 a 5 ou un catalyseur produit a I'aide d'un procede expose dans la revendication 6 ou 
la revendication 7. 
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